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Abstract 

Background: Estimates of the absolute risk of death based on the combined effects of sex, age and health 
behaviours are scarce for elderly people. The aim of this paper is to calculate population based estimates and 
display them using simple charts that may be useful communication tools for public health authorities, health 
care providers and policy makers. 

Methods: Data were drawn from two concurrent prospective observational cohort studies of community-based 
older Australian women (N = 7,438) and men (N = 6,053) aged 71 to 79. The outcome measure was death within 
ten years. The predictor variables were: sex, age, smoking status, alcohol consumption, body mass index and 
physical activity. 

Results: Patterns of risks were similar in men and women but absolute risk of death was between 9 percentage 
points higher in men (17 %) than in women (8 %) in the lowest risk group (aged 71-73 years, never smoked, 
overweight, physically active and consumed alcohol weekly) and 21 % higher in men (73-74 %) than women 
(51-52 %) in the highest risk group (aged 77-79 years, normal weight or obese, current smoker, physically inactive 
and drink alcohol less than weekly). 

Conclusions: These absolute risk charts provide a tool for understanding the combined effects of behavioural 
risk factors for death among older people. 
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Background 

The demographic changes and increasing life expectancy 
in developed countries such as Australia mean that 
increasing numbers of people will live into their 70s. Sim- 
ple, valid information about risk of death based on sex, 
age and health behaviours may be useful for public health 
authorities, health care providers and policy makers. 

Studies that have estimated the long-term prognosis 
for mortality among the elderly show that modifiable 
behavioural risk factors such as smoking, body mass 
index (BMI), alcohol consumption, and physical activity 
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are major determinants [1-9]. However many of these 
studies have only examined these risk factors individu- 
ally and often in one sex only or in people with a wide 
ranges of ages. 

While each of these risk factors has an effect on 
mortality, the combined effect of these risk factors is 
cumulative. It has been estimated that for each 2-point 
increase in mean BMI and each 10 % increase in smok- 
ing prevalence among overweight adult men, there is 
reduction in life expectancy of around one year [10]. 
Among women aged 34-59, smoking, overweight BMI, 
and limited physical activity each predicted mortality, 
and in combination resulted in a four-fold increase in 
all-cause mortality [11]. A study of the effects of indi- 
vidual and combined lifestyle risks on 20-year mortality 
among adults in the UK found that mortality doubled 
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with one risk factor, and increased by three with two risk 
factors [12]. However, few studies have included signifi- 
cant numbers of older participants, nor followed them 
long enough to determine the combined effects of these 
behaviours at older ages. 

For this paper the first aim was to provide estimates of 
the combined effects of several demographic and behav- 
ioural risk factors on all-cause mortality using valid 
observational data from two large Australian cohort 
studies of women and men in their seventies. The 
second aim was to display them using simple charts 
analogous to those commonly used in clinical practice 
for predicting cardiovascular disease [13-15]. 

Methods 

Setting and participants 

Data were derived from the Men, Women and Ageing 
project, which incorporates data from the 1921-1926 
birth cohort of the Australian Longitudinal Study on 
Women's Health (ALSWH) and from the Health in Men 
Study (HIMS). Detailed methods for both studies have 
been described elsewhere [16,17]. 

Briefly, the ALSWH is a repeated survey of the health 
and well-being of three cohorts of women who were 
born in 1973-1978, 1946-1951 and 1921-1926 when 
recruited in 1996. The women were randomly selected 
from the Australian national health insurance database 
(Medicare), which includes all citizens and permanent 
residents, with intentional over-sampling of women from 
rural and remote areas 16 . The project uses mailed ques- 
tionnaires to collect self-reported data on health and 
related variables every three years. In the 1921-26 birth 
cohort, 39,000 women were initially invited to partici- 
pate; of these 1,100 were not contactable and 2,366 were 
ineligible. Of the 35,534 remaining women, 12,432 
responded to the first survey in 1996. Because the phys- 
ical activity questions in the first survey differed from 
those in the HIMS survey, data used in the current 
analyses were drawn from the second survey conducted 
in 1999, to which 10,430 women responded. The ethics 
committees of the University of Newcastle and the Uni- 
versity of Queensland approved the research protocol. 

The HIMS cohort was formed from men screened for 
abdominal aortic aneurysm in a randomised controlled 
trial conducted in Perth, Western Australia in 1996. In 
this trial, eligible men were aged 65-83 years, resident in 
Perth (the capital of Western Australia), and not in long 
stay institutional accommodation. A list of eligible men 
was drawn from an electronic copy of the electoral 
roll in 1996 (enrolment to vote is compulsory for adult 
Australians) and, after excluding 8,801 who were no 
longer resident in Perth and 2,296 who had died before 
the study began, the remaining men were randomised 
into a screening group (n = 19,352) or a control group 



(n = 19,352). Of those invited to be screened, 1,836 were 
ineligible, 5,303 did not respond or refused, and 12,203 
were screened between 1996 and 1999 17 . These 12,203 
screened men formed the HIMS cohort and have been 
followed since their recruitment. The HIMS research 
protocol was approved by the ethics committee of the 
University of Western Australia. 

Measurements 

A postal questionnaire was used to collect data from the 
women, and all variables, including height and weight 
and smoking status, were self- reported. Data from the 
men were obtained using a postal questionnaire that was 
reviewed during a face-to-face interview by a research 
nurse at a clinic visit. During this visit, physical mea- 
sures including height and weight were taken, and parti- 
cipants were asked about their current smoking status. 

Age was calculated from the date at which the survey 
forms were returned. Because the age range was much 
greater for the men (65 to 83 years) than for the women 
(71 to 79 years), those men outside the age range of the 
women were omitted from the analysis (N = 6068 omitted). 

Smoking status was categorized as 'never smoked) 'ex- 
smoker' or 'current smoker'. BMI was calculated from 
height and weight (kg/m ) and categorized according to 
WHO recommendations as 'underweight' (<18.5), 'nor- 
mal' (18.5 to <25), 'overweight' (25 to <30) and 'obese' 
(> = 30) [18]. Due to small numbers of participants in 
the underweight group and the possibility that these 
people were already suffering from significant disease, 
they were excluded from the analysis (N = 87 men and 
N = 319 women). 

Participants in both ALSWH and HIMS were asked 
about their usual frequency and quantity of alcohol con- 
sumed and very few of these older people reported 
drinking large quantities of alcohol. Comparable categor- 
ies of alcohol consumption were derived for women and 
men [19]. These were: drinking alcohol less than weekly 
(including those who never or rarely drink), or drinking 
weekly or more often. 

In both cohorts, participants were asked to report 
the duration of time spent in vigorous leisure activity/ 
exercise (that makes you breathe harder or puff and 
pant) in the last week (women) or a usual week (men). 
A MET (metabolic equivalent) value of 6 was applied to 
responses to these questions, in line with estimates for 
'hard' physical activity in this age group [20] . In addition, 
the women were asked to report time spent walking 
briskly (for recreation or exercise, or to get from place 
to place), and in moderate leisure activity (like golf, 
bowls, social tennis, moderate exercise classes), while the 
men were asked to report on non-vigorous exercise for 
recreation or health and fitness (e.g. slow walking slow 
cycling Tai Chi, yoga, etc.) Responses to the women's 
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walking and moderate activity questions were combined 
to calculate time in non-vigorous exercise and a MET 
value of 3 was applied to the responses for non-vigorous 
activity from both men and women. A physical activity 
score was calculated from total minutes per week in 
each of the two categories of physical activity and the 
MET values: (non-vigorous minutes per week x 3.0 
MET + vigorous minutes per week x 6.0 MET). Scores 
were categorized as 'inactive' (<600) or 'active' (>600). 
The 600 MET. minutes/week threshold equates to 
200 minutes of moderate activity/week, which is com- 
mensurate with current physical activity guidelines [21]. 

Due to the differences in data collection methods miss- 
ing data were more common from the women than the 
men. All participants with missing data were excluded 
from the analyses. The missing data were as follows: for 
smoking, women n = 781, men n = 0; for BMI, women 
n = 1389, men n = 9; for alcohol, women n = 1294, men 
n = 482; and for physical activity, women n = 1045, men 
n = 25; with some people having missing data for more 
than one of these variables. The resulting analysis data 
set was for N = 7438 women and N = 6053 men. 

Outcome variable 

The outcome variable was death, from any cause, within 
10 years of collection of the risk factor data. For 
ALSWH participants, deaths were identified by 



matching identification information to the Australian 
National Death Index [22]. For HIMS participants, all of 
whom lived in Western Australia at recruitment, death 
information was obtained through the Western Austra- 
lian Data Linkage System [23], which provides electronic 
linkage to the state's population health data collections 
and includes records from the death register. 

Statistical methods 

Logistic regression models were fitted for each sex separ- 
ately. Each of the explanatory variables was treated as cat- 
egorical and age (three categories), smoking status (three 
categories), BMI (three categories) and physical activity 
(two categories) were modelled simultaneously. The mod- 
els were assessed using various measures of goodness of 
fit and were then used to estimate the predicted propor- 
tion of deaths within 10 years for each combination of ex- 
planatory variables. Absolute risk estimates were 
calculated by inverting logits of predicted proportions of 
deaths. Sensitivity analyses were conducted for the phys- 
ical activity variable using different multipliers for the 
MET values for women and men separately and together. 
All analyses were performed using Stata/SE 11.0. 

Results 

Characteristics of the women (N = 7438) and men (N = 
6053) included in the analysis are shown in Table 1. There 



Table 1 Characteristics of participants in the Australian Longitudinal Study on Women's Health and the Health in Men 
Study cohorts 



Variable 


Women (n=7438) 

N 


% 


Men (n=6053) 

N 


% 


p-value from 
chi-squared test 


Age (years) 










•cO.001 


71-73 


811 


(10.9) 


2605 


(43.0) 




74-76 


4688 


(63.0) 


2040 


(33.7) 




77-79 


1939 


(26.1) 


1408 


(23.3) 




Smoking status 










<0.001 


Never smoked 


4752 


(63.9) 


1621 


(26.8) 




Ex-smoker 


2328 


(31.3) 


3882 


(64.1) 




Current smoker 


358 


(4.8) 


550 


(9.1) 




Body mass index (kg/m 2 ) 










<0.001 


Normal (18.5 to <25) 


3792 


(51.0) 


1939 


(32.0) 




Overweight (25 to <30) 


2593 


(34.9) 


3079 


(50.9) 




Obese (30 or more) 


1053 


(14.2) 


1035 


(17.1) 




Alcohol consumption 










<0.001 


Weekly or more 


2414 


(32.4) 


3812 


(63.0) 




Less than weekly 


5024 


(67.6) 


2241 


(37.0) 




Physical activity (MET.mins/week) 










<0.001 


Inactive (<600) 


4806 


(64.6) 


2725 


(45.0) 




Active (600 or more) 


2632 


(35.4) 


3328 


(55.0) 
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were 1734 deaths among the women and 2290 deaths 
among the men during the ten-year follow-up period. 



Risk factors for death 

Results of the logistic regression models are shown in 
Table 2. Both models fitted reasonably well: Hosmer- 
Lemeshow statistics for 10 groups, chi-square (8) = 
11.97, p = 0.15 for women, chi-square (8) = 11.03 and 
p = 0.20 for men. The odds ratios for death within 
10 years were similar for women and men for all the risk 
factors. But the probability of death was higher for men 
as indicated by the absolute risk estimates for women 
and men with the reference levels of the risk factors (cal- 
culated from the constant terms in the models). The risk 
difference (calculated from the difference in the constant 
terms) was 33 % (95 % confidence interval (CI): 27 % to 
40 %). The odds of death increased substantially with 
age, and were more than twice as high for current smo- 
kers as for never smokers. For BMI, estimates were 
lower for the overweight than normal weight groups. 
The odds of death were higher for those who drank 
alcohol less than weekly and lower for those who were 
physically active. The results changed very little if 



different weights were used for the MET values used to 
calculate the physical activity variable. 

Absolute risk of death 

The predicted risk estimates (shown as percentages) for 
10-year mortality were calculated from the results 
shown in Table 2 and are presented in the risk charts in 
Figures 1, 2 and 3. 

In each age and sex category, risks were lowest in 
overweight, physically active, never smokers who drank 
alcohol at least weekly and risks were highest in physic- 
ally inactive, current smokers who drank alcohol less 
than weekly (including never or rarely) and were in ei- 
ther the normal weight or obese categories. 

Discussion 

By combining data from the major behavioural risk fac- 
tors in the context of the very substantial effects of age 
and sex, the absolute risk charts presented here provide 
a 'real world' overview of the combined effects of risk 
factors on mortality in older people. 

The strengths of our study are that it includes a large 
number of men and women drawn from population 
databases, who are representative of older Australian 



Table 2 Results of logistic regression models for probability of death within 10-years for participants in the Australian 
Longitudinal Study on Women's Health and the Health in Men Study cohorts: odds ratios and 95 % confidence 
intervals (95 % CI) estimated for each sex separately, and unexponentiated constant terms 



Variable 

Age (years) 

71-73 

74-76 

77-79 
Smoking status 

Never smoked 

Ex-smoker 

Current smoker 
BMI (kg/m 2 ) 

Normal(18.5 to <25) 

Overweight (25 to <30) 

Obese (>30) 
Alcohol consumption 

Weekly or more 

Less than weekly 
Physical activity (MET.minutes/week) 

Inactive (<600) 

Active (>600) 

Constant (not exponentiated) 
Absolute risk % 



Women (n=7438) 



Men (n=6053) 



Odds ratio 

1.00 
1.-1/ 
2.03 

1.00 
1.45 
2.33 

1.00 
0.82 
1.03 

1.00 
1.27 

1.00 
0.66 
-1.76 
14.7 



(95% CI) 

ref 

(1.20 to 1.79) 
(1.64 to 2.51) 

ref 

(1.29 to 1.63) 
(1.85 to 2.93) 

ref 

(0.72 to 0.92) 
(0.88 to 1.21) 

ref 

(1.12 to 1.44) 
ref 

(0.58 to 0.74) 
-1.98 to -1.53) 
(12.1 to 17.8) 



Odds ratio 

1.00 
1.65 
2/1/ 

1.00 
1.54 
2.68 

1.00 
0.87 
0.98 

1.00 
1.23 

1.00 
0.68 
-1.07 
25.6 



(95% CI) 

ref 

(1.46 to 1.87) 
(2.16 to 2.84) 

ref 

(1.35 to 1.75) 
(2.19 to 3.29) 

ref 

(0.77 to 0.99) 
(0.83 to 1.15) 

ref 

(1.10 to 1.38) 
ref 

(0.61 to 0.76) 
-1.24 to -0.90) 
(22.4 to 29.1) 
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Age: 71-73 years 








Women 






Men 










Alcohol consumption 






Alcohol consumption 








>\veekly 


<weekly 


>weekly 


<weekly 


Physical activity (MET.mins/week) 


rn£_UUu 






PA<600 




pa w>nn 






Cigarette smoking 


Body mass index 


















Never smoker 


Normal 


10 


15 


13 


18 


19 


26 


22 


30 




Overweight 


8 


12 


10 


15 


17 


23 


20 


27 




Obese 


10 


15 


13 


18 


19 


25 


22 


29 






















Ex-smoker 


Normal 


14 


20 


17 


24 




27 


35 




39 




Overweight 


12 


17 


15 


21 




24 


32 


28 


36 




Obese 


14 


20 


18 


25 




26 


34 


30 


39 






















Current smoker 


Normal 


21 


29 


25 


34 




39 


48 


44 


53 




Overweight 


18 


25 


21 


29 




36 


45 


40 


50 




Obese 


29 


29 


26 


34 




38 


48 


43 



























<20% 






20-39% 






40-59% 




>60% 



Figure 1 Absolute risk chart for women and men aged 71-73 years for death within 10 years; the numbers in the cells are the 
predicted risk (%) calculated from the logistic regression model summarized in Table 2. 



men and women in the community. Follow-up was 
complete for all deaths and a large number of outcomes 
(deaths) were recorded. 

There are several potential limitations of the study. 
First, our samples were confined to older Australians so 
the results may not be generalizable to other populations, 



or for men living outside major cities. Second, data were 
only available for demographic and behavioural factors 
and not for biomedical markers such as blood pressure, 
lipid levels, or chronic conditions such as diabetes. Third, 
there were small differences in wording in the physical 
activity variable, however it is unlikely that these would 



Age: 74-76 years 









Alcohol consumption 






Alcohol consumption 








>weekly 


<weekly 


>weekly 


<weekly 


Physical activity (MET.mins/week) 


PA>600 


PA<600 


PA>600 


PA<600 


PA>600 


PA<600 


PA>600 


PA<600 


Cigarette smoking 


Body mass index 


















Never smoker 


Normal 


14 


20 


17 


24 




28 


36 


32 


41 




Overweight 


12 


17 


15 


21 




25 


33 


29 


38 




Obese 


15 


21 


18 


25 




28 


36 


32 






















: 


Ex-smoker 


Normal 


19 


27 


23 


32 




37 


47 


42 


52 




Overweight 


16 


23 


20 


28 




34 


43 


39 


48 




Obese 


20 


27 


24 


32 




37 


46 


42 
























Current smoker 


Normal 


28 


37 


33 


43 




51 


60 


56 


65 




Overweight 


24 


32 


29 


38 




48 


57 


53 


62 




Obese 


28 


38 


33 


43 




51 


60 


56 



























<20% 






20-39% 






40-59% 




>60% 



Figure 2 Absolute risk chart for women and men aged 74-76 years for death within 10 years; the numbers in the cells are the 
predicted risk (%) calculated from the logistic regression model summarized in Table 2. 
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Age: 77-79 years 








Women 






Men 










Alcohol consumption 






Alcohol consumption 








>weekly 


<weekly 


>weekly 


<weekly 


Physical activity (MET. mins/ week) 




PA<600 


rA^oUU 


PA<600 


d a ~s/;/in 
FA^OUU 


PA<600 


PA>600 


PA<600 


Cigarette smoking 


Body mass index 


















Never smoker 


Normal 


19 


26 


23 


31 




'in 


46 


42 


51 




Overweight 


16 


22 


19 


27 




34 


43 


38 


48 




Obese 


19 


26 


23 


31 




36 


45 


41 51 






















Ex-smoker 


Normal 


25 


34 


30 


39 




47 


57 


52 


62 




Overweight 


21 


29 


26 


34 




44 


53 


49 


58 




Obese 


25 


34 


30 


40 




47 


56 


52 


61 






















Current smoker 


Normal 


35 


45 


40 


51 










74 




Overweight 


30 


40 


36 


46 




58 


67 


63 


71 




Obese 


35 


46 


41 


52 




60 


69 


65 


73 

























<20% 






20-39% 






40-59% 




>60% 



Figure 3 Absolute risk chart for women and men aged 77-79 years for death within 10 years; the numbers in the cells are the 
predicted risk (%) calculated from the logistic regression model summarized in Table 2. 



have substantively impacted on the calculation of MET. 
minutes. Fourth, post-survey review of data relating 
to BMI and smoking resulted in fewer missing data for 
the men and differences in age ranges between men 
and women meant that not all data could be used for this 
analysis, although the overall pattern of estimates is con- 
sistent with hazard ratios we have reported previously 
[7,19]. Finally, as in all observational studies, bias and 
confounding cannot be eliminated. Reverse causality bias 
could underpin the association between decreased alcohol 
intake and increased mortality (i.e., presence of disease 
could increase risk of death and also lead to decreased 
alcohol intake) and could attenuate any association 
between obesity and mortality (i.e., presence of disease 
could increase risk of death and also lead to weight loss). 
However both these explanations are unlikely, given the 
long period of follow-up, and that separate more detailed 
survival analyses of alcohol use and BMI among these 
cohorts showed a similarly higher mortality among non- 
drinkers and those who were obese 7,19. 



Conclusions 

Our results extend previous work reporting on the com- 
bined health effects of health behaviours for older people 
[24]. Our absolute risk charts for mortality in elderly 
Australians, based on combined demographic and beha- 
vioural risk factors, provide simple tools for communi- 
cating risk. They complement other absolute risk charts 
published for clinical use, especially for cardiovascular 



disease [14,15,25,26], which do not cover for all-cause 
mortality in older adults. 
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